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INJECTABLE COMPOSITIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional

Application No. 62/363,205, entitled “INJECTABLE COM-
POSITIONS” and filed Jul. 21, 2016, which 1s hereby

incorporated by reference 1n 1ts entirety.

FIELD OF THE INVENTION

This mvention relates to medical articles and related
methods thereof. In particular embodiments, this invention
relates to i1njectable compositions, methods of forming the
same, and related methods for performing agent-assisted
procedures 1n, for example, a gastrointestinal (GI) tract of a
patient.

BACKGROUND

An endoscope 1s a medical device that enables viewing of
the interior of a body cavity or hollow organ without
employing 1nvasive surgical procedures. The endoscope
includes a flexible elongated body (e.g., a tube) having a
suitable 1maging device at 1ts distal end portion. The endo-
scope may be iserted through a naturally occurring open-
ing, such as the esophagus or rectum, or through a small
incision surgically made in the body. Suitable surgical
instruments may be passed through the endoscope to per-
form various medical procedures, such as, for example,
tissue sampling or removal of diseased tissue or polyps.

Endoscopic procedures are commonly used for diagnosis
and/or treatment of the GI tract. For example, an endoscopic
procedure may be performed to take tissue samples from the
(1 tract for pathological evaluation and/or therapeutic pur-
poses. For instance, with advances 1n the imaging technol-
ogy, endoscopic procedures may be used to accurately detect
and remove pre-cancerous mucosal tissue or tumors from
various locations 1n the GI tract.

Interventional endoscopists perform various tasks includ-
ing fluid-assisted polypectomy, endoscopic mucosal resec-
tion (EMR), and endoscopic submucosal dissection (ESD)
procedures to remove pre-cancerous or cancerous mucosal
tissue from the GI tract. Such fluid-assisted procedures may
involve mnjecting a fluid cushion into submucosal tissue
(e.g., cushioning) or mjecting a fluid between target tissue
layers (e.g., dissection) so as to raise or separate the target
tissue layer 1n order to safely perform the procedure (e.g., by
preventing or reducing risks of perforating the GI tract).

SUMMARY OF THE INVENTION

In various aspects, the present disclosure provides 1nject-
able compositions suitable for performing medical proce-
dures. In various embodiments, the injectable compositions
(also referred to as 1njectable fluids) may comprise a suitable
hydrophilic polymer having a color in the visible spectrum
and water, as well as other optional components. Composi-
tions may have color, for example, as a result of preferential
reflection of incident visible light or as a result of absorption
of incident radiation having first wavelength (e.g., ultravio-
let or visible light) and re-emission of light having a longer
wavelength 1n the visible spectrum (1.e., as a result of
fluorescence).

In some embodiments, which may be used in combination
with any of the above aspects and embodiments, the inject-
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2

able compositions of the present disclosure may comprise a
polysaccharide as a suitable hydrophilic polymer. For
example, the polysaccharide may be selected from (a) xan-
than gum and (b) hyaluronic acid and salts thereof, among
other polysaccharides.

In some embodiments, which may be used 1n combination
with any of the above aspects and embodiments, the inject-
able compositions of the present disclosure may comprise a
hydrophilic polymer having a covalently attached dye mol-
ecule. In some of these embodiments, the dye molecule may
be a reactive dye molecule.

In some embodiments, which may be used 1n combination
with any of the above aspects and embodiments, the nject-
able compositions of the present disclosure may comprise a
first dye molecule and a second dye molecule that 1s difierent
from the first dye molecule. For example, the first dye
molecule may reflect light in the visible spectrum of a first
wavelength and the second dye molecule may fluoresce light
in the visible spectrum at a second wavelength after being
exposed to radiation having a wavelength that 1s shorter than
the second wavelength, among other possibilities.

In some embodiments, which may be used 1n combination
with any of the above aspects and embodiments, the inject-
able compositions of the present disclosure may comprise
(a) a hydrophilic polymer having two or more different
covalently attached dye molecules or (b) a first hydrophilic
polymer having a covalently attached first dye molecule and
a second hydrophilic polymer having a covalently attached
second dye molecule, where the first dye molecule 1s diif-
ferent from the second dye molecule and where the first and
second hydrophilic polymers may be same or diflerent.

In some embodiments, which may be used 1n combination
with any of the above aspects and embodiments, the inject-
able compositions of the present disclosure may exhibit
decreasing viscosity under shear. For example, the injectable
compositions may be thixotropic fluid compositions or may
be pseudoplastic fluid compositions.

In some embodiments, which may be used 1n combination
with any of the above aspects and embodiments, the inject-
able compositions of the present disclosure may be provided
1n a syringe.

In various aspects, kits may be provided which comprise
(a) an 1njectable composition 1n accordance with any of the
above aspects and embodiments provided in a container
(e.g., a syringe) and (b) any one, any two, any three, any
four, or all five of the following items: (1) an 1njection
needle, (11) a tissue resection device, (111) a tissue retrieval
device, (1v) an endoscope and (v) a closure device.

In various aspects, methods of performing a medical
procedure 1 a body of a subject may be provided which
comprise 1njecting an injectable composition in accordance
with any of the above aspects and embodiments at a target
site 1n the subject.

In some embodiments, which may be used 1n combination
with any of the above aspects and embodiments, the sterile
injectable fluid composition may be injected 1n the gastro-
intestinal tract of the subject between a first tissue layer and
a second tissue layer.

In some embodiments, which may be used 1n combination
with any of the above aspects and embodiments, the sterile
injectable fluid composition may be injected at a target site
within a gastrointestinal tract of the subject such that a
submucosal space 1s created and a surface of a mucosal
tissue layer protrudes into the gastrointestinal tract and such
that the target site can be visualized by a difference in color
between the tissue under which the submucosal space 1s
created and surrounding tissue.
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In various embodiments, which may be used 1n accor-
dance with any of the above aspects and embodiments, a
surgical procedure may be subsequently performed at the
target site. For example, in some embodiments, the surgical
procedure may include removing tissue from the target site.

In various embodiments, which may be used in accor-
dance with any of the above aspects and embodiments, the
injectable compositions may be injected using an ordinary
Syringe.

In further aspects, the present disclosure provides meth-
ods of forming water-soluble polysaccharides having a color
in the visible spectrum. The methods comprise reacting a
water-soluble polysaccharide with a dye molecule compris-
ing one or more of the following reactive groups: a mono-
chlorotriazine group, a monofluorochlorotriazine group, a
dichlorotriazine group, a difluorochloropyrimidine group, a
dichloroquinoxaline group, a trichloropyrimidine group, a
vinyl sulfone group, a vinyl amide group, or a sulfonyl
fluoride group.

These and other aspects, embodiments and advantages of
the present invention will become immediately apparent to
those of ordinary skill 1n the art upon review of the Detailed
Description and claims to follow.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a schematic cross-sectional view of tissue layers
in the GI tract, illustrating an exemplary method of 1njecting
an 1njectable composition between the mucosal and submu-
cosal tissue layers.

DESCRIPTION OF TH.

EMBODIMENTS

(L.
1]

A more complete understanding of the present invention
1s available by reference to the following detailed descrip-
tion of numerous aspects and embodiments of the invention.
The detailed description of the mvention which follows 1s
intended to illustrate but not limit the invention.

According to one aspect, the present disclosure provides
injectable compositions that are suitable for performing
medical procedures.

In various embodiments, the compositions are sterile, for
example, having been sterilized by heat, radiation or sterile
filtration.

In various embodiments, the 1njectable compositions may
comprise a suitable a hydrophilic polymer having a color 1n
the visible spectrum (also referred to herein as a “hydro-
philic polymer colorant”) and water, as well as other
optional agents. Because the polymer itself has color, the
color does not diffuse from an injection site independent of
the hydrophilic polymer, allowing the injectable composi-
tions to be viewed at the site of 1njection for a period of time
suilicient to perform various medical procedures at the site,
such as fluid-assisted polypectomy, EMR and ESD proce-
dures, among others.

In various embodiments, the injectable composition has a
color that 1s readily observable (e.g., green, blue, violet, etc.)
through a mucosal membrane of the gastrointestinal tract,
distinct from the surrounding gastric environment, under
incident visible light.

In various embodiments, the injectable composition has a
color that 1s readily observed (e.g., green, blue, violet, etc.)
through a mucosal membrane of the gastrointestinal tract,
distinct from the surrounding gastric environment, upon
exposure to incident radiation of a shorter wavelength than
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4

that of the color that 1s observed (e.g., due to fluorescence of
the 1njectable composition upon exposure to ultraviolet
light, etc)

In various embodiments, the injectable fluid composition
exhibits decreasing viscosity under shear (e.g., the injectable
fluid composition may be a thixotropic fluid composition or
a pseudoplastic fluid composition). Such a composition will
have increased viscosity 1 a low shear environment (e.g.,
alter being 1njected to a gastrointestinal site), while having
decreased viscosity 1n the presence of shear (e.g., during the
course of injection).

In various embodiments, the injectable compositions may
comprise a hydrophilic polymer having a covalently
attached dye molecule. As used herein a “dye molecule”
refers to a molecule that, when covalently attached to a
hydrophilic polymer, imparts a color 1n the visible spectrum
to the hydrophilic polymer upon exposure to incident radia-
tion, including visible radiation (i.e., visible light) and
radiation having wavelengths that are shorter than that of
visible light (e.g., ultraviolet radiation).

Beneficial injectable compositions for use in conjunction
with the present disclosure include polysaccharides having a
color 1n the visible spectrum. To the extent that a given
polysaccharide does not possess a desired color (polysac-
charides are commonly very pale or colorless), the polysac-
charide may be covalently attached to a dye molecule having
a desired color. By covalently attaching the dye molecule to
the polysaccharide, the dye does not diffuse or “bleed” from
an 1jection site independently of the polysaccharide.

In certain embodiments, beneficial polysaccharides for
use 1n the present disclosure include linear polysaccharides
such as cellulose, amylose, pectin, alginates, and derivatives
of the forgoing, including alkyl cellulose polymers such as
methyl cellulose (MC), hydroxyalkyl celluloses such as
hydroxypropyl cellulose (HPC) and hydroxypropylmethyl
cellulose (HPMC), and carboxyalkyl celluloses and their
salts including carboxymethyl celluloses (CMC). Counteri-
ons for use 1n carboxyalkyl celluloses include Group I
cations such as sodium and potassium, Group II cations such
as magnesium and calcium, and mixtures of the foregoing.

Polysaccharides for use in conjunction with the present
disclosure also include polysaccharides comprising a main
chain and a plurality of monosaccharide side groups.
Examples of such compounds include galactomannans
which are polysaccharides having a mannose backbone with
galactose side groups (e.g., a (1-4)-linked beta-D-mannopy-
ranose backbone with branch-points from their 6-positions
linked to alpha-D-galactose, 1.¢., 1-6-linked alpha-D-galac-
topyranose), such as guar gum, fenugreek gum, tara gum,
locust bean gum and carob gum. Polysaccharides for use 1n
conjunction with the present disclosure also include poly-
saccharides comprising a main chain and a plurality of
oligosaccharide side groups (where “oligosaccharide” 1s
defined herein as polysaccharide chains of 2, 3,4, 5, 6, 7, 8,
9 or 10 saccharide groups), including xanthan gum. Poly-
saccharides further include branch-on-branch polysaccha-
rides such as amylopectin, gum arabic, arabinoxylan, among
others.

Polysaccharides for use in conjunction with the present
disclosure also include glycosaminoglycans, beneficially,
non-sulfated glycosaminoglycans such as hyaluronic acid
and 1ts salts, desulfated heparin, desulfated chondroitin
sulfate and desulfated dermatan sulfate. Hyaluronic acid and
its salts (also called hyaluronan, hyaluronate, or HA) are
anionic, nonsulfated glycosaminoglycans comprising D-glu-
curonic acid and N-acetyl-D-glucosamine. HA 1s distributed
widely throughout connective, epithelial, and neural tissues.
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Counterions for use in hyaluronic acid salts include Group
I cations such as sodium and potassium, Group II cations
such as magnesium and calcium, and mixtures of the fore-

ogoing.
Chitosan, which comprises D-glucosamine and N-acetyl-

D-glucosamine may also be employed as a polysaccharide.
Polysaccharides for use in conjunction with the present

disclosure may vary widely in molecular weight, ranging,

for example, from 5 kDa or less to 20,000 kDa or more.

Beneficial injectable fluid compositions for use 1 con-
junction with the present disclosure include non-Newtonian
fluids that exhibit decreasing viscosities under shear, includ-
ing thixotropic tluids and pseudoplastic fluids. Thixotropic
fluids exhibit this change as a result of time under constant
shear while pseudoplastic fluids exhibit this change as a
result of 1ncreasing the rate of shear stress. Such composi-
tions will have lower viscosity 1n the presence of shear (e.g.,
during injection, thereby reducing the pressure required for
a given 1njection rate) while having higher viscosity in a low
shear environment (e.g., after being injected to a gastroin-
testinal site, thereby encouraging retention at the site).

Examples of thixotropic fluids for use i the present
disclosure include thixotropic hydrophilic polymer colorant
solutions such as thixotropic polysaccharide colorant solu-
tions, for instance, solutions of various gums including
xanthan gum or guar gum, among other suitable polymers,
to which a dye molecule may be covalently attached.

Examples of pseudoplastic fluids for use in the present
disclosure 1nclude pseudoplastic hydrophilic polymer colo-
rant solutions such as pseudoplastic polysaccharide colorant
solutions, for instance, solutions of glycosaminogylcans
including solutions of hyaluronic acid and salts thereof and
celluloses such as alkyl celluloses, hydroxy alkyl celluloses
and carboxyalkyl celluloses, among other suitable polymers,
to which a dye molecule may be covalently attached.

As previously indicated, 1n many cases, a selected hydro-
philic polymer will not possess a color, as desired, 1n which
case one or more dye molecules may be covalently attached
to the polymer using a suitable covalent attachment tech-
nique. The use of multiple dyes (e.g., one dye that 1s directly
visible at visible wavelengths and another that 1s visible
under fluorescence) may aid visualization, depending on the
imaging device that 1s being used.

In this regard, a wide variety of dye molecules having
colors throughout the visible spectrum may be covalently
attached to selected hydrophilic polymers in conjunction
with the present disclosure.

Numerous dyes are known including acridine dyes,
anthraquinone dyes, arylmethane dyes, diarylmethane dyes,
triarylmethane dyes (including triphenylmethane dyes), azo
dyes, diazonium dyes, nitro dyes, nitroso dyes, phthalocya-
nine dyes, quinone-imine dyes, azin dyes, eurhodin dyes,
safranin dyes, indamin dyes, indophenol dyes, oxazin dyes,
oxazone dyes, thiazine dyes, thiazole dyes, safranmin dyes,
xanthene dyes, fluorene dyes, pyronin dyes, fluorone dyes,
and rhodamine dyes, among others.

In certain embodiments, fluorescent dyes may be
employed, which absorb light energy of a first wavelength
(e.g., ultraviolet or visible light) and re-emait light at a longer
wavelength 1n the visible spectrum. Examples of fluorescent
dyes include xanthene dyes, cyanine dyes, squaraine dyes,
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6

naphthalene dyes, coumarin dyes, oxadiazole dyes, anthra-
cene dyes, pyrene dyes, oxazine dyes, acridine dyes, aryl-
methine dyes, tetrapyrrole dyes.

In some embodiments, a reactive dye may be selected for
covalent attachment to a hydrophilic polymer, which reac-
tive dye 1s able to react with one or more functional groups

on the hydrophilic polymer. Examples of reactive dyes
suitable for the present disclosure include those having one
or more reactive groups, which are reactive at hydroxyl
sites, such that those present 1n polysaccharides, including
dyes comprising one or more of the following reactive
groups: monochlorotriazine groups, monotluorochlorotriaz-

ine groups, dichlorotriazine groups, ditfluorochloropyrimi-

dine groups, dichloroquinoxaline groups, trichloropyrimi-

dine groups, vinyl sulfone groups, and vinyl amide groups.

In one specific embodiment, a reactive dye, for example,
reactive blue 4 1 (a reactive anthraquinone dye having a
dichlorotriazine functional group) (Amax=395 nm) may be
reacted with hydroxyl groups of a hydrophilic polymer, for

example, a water-soluble polysaccharide 11 (hyaluronic acid
1s shown 1n the following scheme, however, essentially any
hydrophilic polymer having hydroxyl groups may poten-
tially be used) to form a hydrophilic polymer colorant, more
particularly, a polysaccharide colorant III:
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-continued

HO,C
0 OO %'7’“'«
O O
|H0 OH NH
O=<
CH;

[11

In some embodiments, a dye may be covalently attached
to a hydrophilic polymer via one or more additional reactive
species.

In one specific embodiment, an ordinarily non-reactive
dye, for example, Coomassie brilliant blue IV (a triphenyl-
methane dye), or another dye bearing a secondary amine
group, 15 chemically modified by reaction with a suitable

species, for example, ethylene sulfonyl fluoride V, among
numerous other possible reactive species, to create a reactive
dye VI (in this case, a water-soluble selective electrophile
having sulfonyl fluoride groups).
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-continued
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Such a reactive dye may then be reacted with hydrophilic
polymers having suitable nucleophilic groups such as amine
groups.

In one specific example, a polysaccharide comprising
N-acetyl-D-glucosamine VII (e.g., a glycosaminoglycan
such as hyaluronic acid, chitosan, etc.) may be partially

deacetylated to form a polysaccharide comprising D-glu-
cosamine and residual N-acetyl-D-glucosamine groups VIII.

O CH;
" h
HN
O 0O HO -AcOH
-
O
HO O
NH

OH
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CH;
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OH
O
0O
HO
NH,

VIII

The polysaccharide comprising D-glucosamine and
N-acetyl-D-glucosamine VIII can subsequently act as a
selective nucleophile for a suitable electrophilic dye, for
example, a dye having one or more sulfonyl fluoride groups,
1socyanate groups including isothiocyanate groups (e.g.,
fluorescein 1sothiocyanate (FITC)), and maleimide groups
(e.g., Alexa Fluor® 488 C35 maleimide), such as the reactive

dye VI described above, to form a polysaccharide colorant
IX:
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Dye molecules may be attached to hydrophilic polymers
including polysaccharides by a variety of other so-called
“click” reactions (1.e., high yielding reactions that are wide
in scope, create byproducts that can be removed without
chromatography, are stereospecific, simple to perform, and
can be conducted 1n easily removable or benign solvents) 1n
addition to reactions with sulfonyl fluoride, which are
known 1n the biochemical arts.

Polysaccharide concentrations 1n the injectable composi-
tions of the present disclosure may vary widely.

Addition of a given polysaccharide to water results 1n an
increase in viscosity. Solution viscosity 1s a function of both
the polymer concentration and the molecular weight of the
polymer. At a given constant weight concentration, solution

viscosity typically exhibits an exponential relationship with
the molecular weight of the polymer used to adjust the
viscosity of the solution. Consequently, an increase in
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CH,
IX

molecular weight for a given polymer will allow a lower
concentration (by weight) of the polymer to be used to
achieve a given viscosity, whereas a decrease 1n molecular
weilght for a given polymer will allow a higher concentration
(by weight) of the polymer to be used to achieve a given
V1SCOsity.

In some embodiments the injectable compositions for use
in conjunction with the present disclosure may be colloids.
As defined herein a colloid 1s a system that has a continuous
liquid phase 1n which large molecules or small solid particles
(e.g., particles ranging from 1 to 1,000 nm in diameter) are
suspended. In various embodiments, the mjectable compo-
sitions are hydrocolloids (1.e., a colloid system wherein the
colloid particles are hydrophilic polymers dispersed 1in

water).
In some embodiments, the injectable compositions consist
essentially of a hydrophilic polymer colorant and water.



US 11,938,216 B2

11

In some embodiments, the injectable compositions may
comprise a hydrophilic polymer colorant, water and one or
more additional agents.

Examples of additional agents include therapeutic agents
such as cancer-treating agents (e.g., endostatin, etc.), hor-
mones, anti-inflammatory agents, antibiotics, pain-relieving
agents, antimicrobial agents (e.g., antibacterial agents, anti-
fungal agents, etc.), coagulants, emollients, antipyrogenic
agents, among other possibilities.

Further examples of additional agents include foaming
agents (e.g., ammonium carbonate, azodicarbonamide).
Through the use of foaming agents, the volume of fluid
required to create a given volume in vivo may be reduced.
For example, a foaming agent may raise tissue via steady
hydrostatic forces that decrease 1n proportion to the surface
arca of the tissue exposed to the injectable composition,
potentially allowing finer control of the size of the so-called
“bleb” that 1s raised by the injectable composition.

Still further examples of additional agents include buil-
ering agents, which may be provided 1n an amount suthicient
to achieve an appropriate in vivo pH at the target site.
Examples of suitable buflers include phosphate buflered
saline (PBS), Tris (1.e., tris(hydroxymethyl)aminomethane)
bufler, Tris-buflered saline, HEPES (i.e., 4-(2-hydroxy-
cthyl)-1-piperazineethanesulfonic acid) bufler, and HEPES-
builered saline, among many others. In other embodiments,
a bufler 1s not included 1n the 1mjectable compositions of the
present disclosure.

In certain embodiments, the 1njectable compositions of
the present disclosure may be supplied 1n one or more
syringes. Such syringes may include a barrel having an
opening to receive a plunger at its proximal end and having
a fitting (e.g., a luer {itting or another suitable fitting) at 1ts
distal tip for direct or indirect engagement with an 1njection
needle such that the interior of the syringe barrel 1s placed
in fluid communication with the interior of an injection
needle. The barrel may also be provided with a tflange at its
proximal end for ease of engagement and a scale for
determining the volume of fluid remaining in the barrel.
Suitable syringe volume may range, for example, from 5 cc
or less to 50 cc or more, typically from 5 cc to 15 cc.

A suitable 1mnjection needle may be provided, for example,
an endoscopic injection needle that comprises a flexible
tubular portion (catheter portion) having a hollow needle tip
at 1ts distal end and a suitable fitting/adaptor (e.g., a luer
fitting) for engagement with a syringe barrel at its proximal
end. Suitable needle gauge may vary from 20 gauge or less
to 27 gauge or more, preferably 23 gauge to 25 gauge.
Suitable endoscopic 1njection needle length may range, for
example, from 200 cm to 240 cm.

In certain aspects, the present disclosure pertains to sur-
gical procedures which employ the injectable compositions
described herein. Such procedures comprise injecting an
injectable fluid composition as described herein into tissue
ol a subject such that a surface of the tissue layer protrudes
that has a color distinct from surrounding tissue, followed by
performing a procedure at the injection site. While certain
embodiments of the disclosure are described herein 1n
connection with particular endoscopic procedures in the GI
tract, for instance, endoscopic mucosal resection (EMR ) and
endoscopic submucosal dissection (ESD), embodiments of
the disclosure may be used with other suitable endoscopic
procedures, or for procedures other than the endoscopic
procedures, such as urologic procedures, plastic surgeries, or
open 1nvasive surgeries. In addition, embodiments of the
disclosure may be applied to numerous parts of a body, other
than the GI tract.
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EMR 1s an endoscopic technique developed for removal
of sessile or flat neoplasms confined to the superficial layers
(mucosa and submucosa) of the GI tract. EMR 1s typically
used for removal of lesions smaller than 2 cm or piecemeal
removal of larger lesions. Before the start of an EMR
technique, 1t may be helpful to mark the margins of a
targeted lesion with superficial cautery marks. The proce-
dure starts with injection of an injectable composition into
the submucosal space under the lesion, creating a “safety
cushion.” The cushion lifts the lesion to facilitate its removal
and minimizes mechanical or electrocautery damage to the
deep layers of the GI tract wall. An “inject-and-cut” tech-
nique uses submucosal 1injection to lift the target lesion and
an electrocautery snare to remove the lesion. An “inject-lift-
and-cut” technique uses submucosal injection to lift the
target lesion and grasping forceps to lift the lesion and an
clectrocautery snare to remove the lesion. Cap-assisted
EMR also uses submucosal injection to lift the target lesion
alter which the mucosa 1s suction-retracted into the cap and
the lesion removed with an electrocautery snare.

ESD 1s typically used for en bloc removal of large
(usually more than 2 cm), flat GI tract lesions. The procedure
1s usually done in several steps. First, the margins of the
lesion may be marked by electrocautery, and submucosal
injection 1s used to lift the lesion. Then, a circumierential
incision into the submucosa 1s performed around the lesion
with specialized endoscopic electrocautery knives. The
lesion 1s then dissected from underlying deep layers of the
Gl tract wall with the electrocautery kmife and removed.
Various cutting devices and accessories have been devel-
oped specifically for ESD.

In each of the preceding procedures, the use of an
injectable composition having a suitable color (e.g., green,
blue, violet, etc.) will assist with the visualization of tissue
under which a submucosal space has been formed.

Several options are available for collection of resected
tissue. For example, after the cap-assisted EMR, the resected
pieces can be collected 1nto the cap and retrieved from the
patient. As another example, the tissue resected during EMR
or ESD can also be collected by specially designed retrieval
devices (e.g., nets, baskets, etc.).

FIG. 1 1s a schematic cross-sectional view of a portion of
the GI tract showing the mucosal tissue layer 112, the
submucosal tissue layer 114 and the muscularis propria 116,
and 1llustrate an injection device method for performing a
fluid-assisted endoscopic mucosal resection of diseased tis-
sue 1124 found 1n the mucosal tissue layer 112 1n accordance
with an embodiment of the disclosure. As shown 1n FIG. 1,
an 1njection device may include an injection needle 130 with
an associated catheter portion 132 that may be inserted into
the GI tract by any suitable means, such as through a lumen
of an endoscope 140, so that a distal end portion of the
injection needle may be positioned 1n the vicinity of a target
site. The injection needle 130 includes a hollow lumen
through which the injectable composition 120 may flow. The
distal end of the needle 130 may include a sharp edge
configured to pierce tissue, so that the distal end of the
needle 130 may be positioned at a target site between the
mucosal tissue layer 112 and the submucosal tissue layer 114
in order to deliver a cushion of the injectable composition
120 between the mucosal tissue layer 112 and the submu-
cosal tissue layer 114, lifting the mucosal tissue layer 112.
The amount of imjectable composition 120 to be injected
may depend on various factors, such as, for example, type of
procedure performed, type of resection instrument used, size
of the diseased tissue 112d, and/or desired degree of cush-
ioning. Once the injectable composition 120 1s 1injected and
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a stable cushion 1s provided beneath the diseased tissue
1124, a suitable endoscopic resection device having a suit-
able cutting member (e.g., snare, kmife, biopsy forceps,
scissors, etc.) may be used to remove the diseased tissue
112d. As previously noted, the use of an 1njectable compo-
sition 120 having a suitable color will assist with the
visualization of tissue under which a submucosal space has
been formed.

In another aspect of the disclosure, kits usetul in perform-
ing a surgical procedure are provided. The kits may include
all or a subset of all the components usetul for treating a
patient.

The kits may include, for example an 1njectable compo-
sition as described herein 1n a form ready for injection into
patient tissue (e.g., provided 1 one or more pre-loaded
syringes ) and one or more of the following (a) one or more
injection needles (e.g., an endoscopic njection needle), (b)
one or more tissue resection devices (e.g., snare, knife,
sC1ss0rs), (C) one or more tissue retrieval devices (e.g., net,
basket, cap, etc.), (d) one or more combination devices such
as devices having tissue injection and tissue resection func-
tions (e.g., a needle combined with a snare), devices having,
tissue resection and tissue retrieval functions (e.g., a snare
combined with a net, basket or cap), or devices having tissue
injection, tissue resection, and tissue retrieval functions
(e.g., a needle combined with a snare and a net, basket or
cap), (e) an endoscope and/or (I) one or more closure
devices (e.g., endoscopic clips). The kits may also include
printed material with storage information and/or instructions
regarding how to use the items provided within the kit, and
all components may be provided 1n a suitable packaging
material.

Although various embodiments are specifically illustrated
and described herein, 1t will be appreciated that modifica-
tions and variations of the present disclosure are covered by
the above teachings and are within the purview of the
appended claims without departing from the spirit and
intended scope of the ivention.

The 1nvention claimed 1s:

1. A sterile injectable solution comprising water and a
hydrophilic polymer having a color in the visible spectrum
either as a result of reflection of incident visible light or as
a result of absorption of incident radiation having a first
wavelength and re-emission of light having a second wave-
length, longer than the first wavelength, 1n the wvisible
spectrum, the hydrophilic polymer comprising a polysac-
charide gum, and the sterile injectable solution exhibiting
decreasing viscosity under shear, wherein the hydrophilic
polymer comprises a covalently attached dye molecule.

2. The sterile injectable solution of claim 1, wherein the
hydrophilic polymer comprises two or more different cova-
lently attached dye molecules.

3. The sterile injectable solution of claim 1, wherein the
sterile injectable solution comprises an additional hydro-
philic polymer comprising a covalently attached additional
dye molecule, wherein the dye molecule and the additional
dye molecule are different, and wherein the hydrophilic
polymer and the additional hydrophilic polymer are the
same or different.
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4. The sterile injectable solution of claim 1, wherein the
dye molecule 1s a blue dye molecule.

5. The sterile mjectable solution of claim 1, wherein the
dye molecule 1s a fluorescent dye molecule.

6. The sterile 1injectable solution of claim 1, wherein the
dye molecule 1s a reactive dye molecule.

7. The sterile mjectable solution of claim 1, wherein the
sterile 1njectable solution 1s a thixotropic fluid.

8. The sterile mjectable solution of claim 1, wherein the
sterile 1njectable solution 1s a pseudoplastic flud composi-
tion.

9. The sterile injectable solution of claim 1, wherein the
sterile 1njectable solution 1s provided 1n a syringe.

10. A kat comprising (a) the sterile injectable solution of
claim 1 1n a container and (b) any one, any two, any three,
any four, or all five of the following items: (1) an 1njection
needle, (11) a tissue resection device, (111) a tissue retrieval
device, (1v) an endoscope and (v) a closure device.

11. A sterile injectable solution comprising water and a
hydrophilic polymer having a color 1n the visible spectrum
either as a result of retlection of incident visible light or as
a result of absorption of incident radiation having a first
wavelength and re-emission of light having a second wave-
length, longer than the first wavelength, 1n the wvisible
spectrum, the hydrophilic polymer comprising a polysac-
charide gum, and the sterile mnjectable solution exhibiting
decreasing viscosity under shear, wherein the hydrophilic
polymer comprises a covalently attached dye molecule,
wherein the dye molecule 1s a blue dye molecule, and
wherein the sterile injectable solution 1s a pseudoplastic fluid
composition.

12. The sterile mnjectable solution of claim 11, wherein the
sterile 1njectable solution 1s provided 1n a syringe.

13. A sterile 1injectable solution comprising water and a
hydrophilic polymer having a color in the visible spectrum
either as a result of retlection of incident visible light or as
a result of absorption of incident radiation having a first
wavelength and re-emission of light having a second wave-
length, longer than the first wavelength, 1n the wvisible
spectrum, the hydrophilic polymer comprising a polysac-
charide gum, and the sterile injectable solution exhibiting
decreasing viscosity under shear, wherein the hydrophilic
polymer comprises a covalently attached dye molecule and
1s formed by a method comprising reacting the hydrophilic
polymer with a dye molecule comprising one or more of the
following reactive groups: a monochlorotriazine group, a
monofluorochlorotriazine group, a dichlorotriazine group, a
difluorochloropyrimidine group, a dichloroquinoxaline
group, a trichloropyrimidine group, a vinyl sulfone group, a
vinyl amide group, or a sulfonyl fluoride group.

14. The sterile injectable solution of claim 13, wherein the
sterile 1njectable solution 1s a pseudoplastic fluid composi-

tion.
15. The sterile injectable solution of claim 13, wherein the
sterile 1njectable solution 1s provided 1n a syringe.
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